Abstract | Patients with chronic HBV infection are at risk of reactivation of HBV should they require immunosuppressive therapies for a variety of clinical settings, including chemotherapy for patients with cancer, immunosuppression for solid organ and stem cell transplant recipients, and use of anti-CD20 antibodies, TNF inhibitors, or corticosteroids in patients with oncological, gastrointestinal, rheumatological or dermatological conditions. The key to preventing HBV reactivation is the identification of patients with HBV infection prior to immunosuppressive therapy, initiation of prophylactic antiviral therapy in patients at moderate or high risk of HBV reactivation, and close monitoring of other patients so that antiviral therapy can be initiated at the first sign of HBV reactivation. Unfortunately, many patients infected with HBV are unaware of their infection or risk factors, and physicians often do not have sufficient time to systematically assess patients for risk factors for HBV prior to starting immunosuppressive therapy. In this article, we review the incidence, risk factors and outcomes of HBV reactivation, and the efficacy of antiviral therapy in preventing its occurrence. We also propose an algorithm for managing patients with HBV infection who require immunosuppressive therapy.
Introduction
Patients infected with HBV are at risk of reactivation of the virus should they require immunosuppressive therapy. Reactivation of HBV replication can occur in patients with chronic or past HBV infection. This reactivation is most commonly reported in patients receiving cancer chemotherapy for haematological malignancies and those receiving bone marrow or stem cell transplant ation. 1 Reactivation can also occur in a wide variety of clinical settings, including patients receiving chemotherapy for solid tumours, recipients of solid organ transplants, and patients with oncological, gastrointestinal, rheumatological or dermatological conditions who are receiving treatment with anti-CD20 antibodies, TNF inhibitors, corticosteroids or other immunosuppressive agents. [1] [2] [3] [4] Reactivation of HBV replication can be mild and asymptomatic, or severe and, potentially, result in hepatocellular injury, liver failure and death. 5, 6 Prophylactic antiviral therapy is effective at preventing HBV reactivation, 6 but the lack of awareness among physicians prescribing immunosuppressive therapy 7, 8 and the inconsistency in guideline recommendations [9] [10] [11] [12] [13] [14] have resulted in continued reports of fatal HBV reactivation. In this article, we review the incidence, risk factors and outcomes of HBV reactivation, and the efficacy of antiviral therapy at preventing its occurrence. An algorithm for the management of patients with HBV infection who require i mmunosuppressive therapy is also proposed.
Basis for HBV reactivation
In individuals with chronic HBV infection-that is, hepatitis B surface antigen (HBsAg)-positive and hepatitis B core antibody IgG (anti-HBc)-positive-the serum HBV DNA levels can vary from undetectable (<20 international units [IU]/ml) to >1,000,000,000 (>9 log 10 ) IU/ml depending on the balance between HBV replication and immune control. 15 The vast majority of people who have serological recovery from HBV infection (HBsAgnegative, hepatitis B surface antibody [anti-HBs]-positive and anti-HBc-positive) have undetectable HBV DNA in serum, but HBV persists in the liver 16 and its replication is controlled by the immune system. 17 The delicate balance between viral replication and immune control explains why immunosuppressive therapy can augment HBV replication in chronically infected persons and reactivate 'dormant' HBV in individuals regarded as 'recovered' . Some persons have so-called isolated anti-HBc statuspresence of anti-HBc antibodies without HBsAg or antiHBs antibodies (antibodies against the HBsAg)-and most of them had past HBV infection and are at risk of HBV reactivation. 18, 19 Immune control of HBV infection is largely mediated through HBV-specific cytotoxic T cells, 17 but B cells also have a role in antigen presentation and viral clearance. 20 Reactivation of HBV replication during immunosuppressive therapy can occur indirectly via suppression of immune control, 5 but also directly via glucocorticoid stimulation of a glucocorticoid-responsive element in the HBV genome, leading to upregulation of HBV gene expression. 21 TNF has been shown in some studies to promote HBV clearance and to decrease HBV transcription; 22 thus, inhibition of TNF might also have a direct effect on enhancing HBV replication.
Clinical manifestations
The course of HBV reactivation has been described as comprising three phases ( Figure 1) . 5 During the first phase, HBV reactivation is increased, as manifested by an increase in levels of HBV DNA in the serum of an HBsAg-positive person or a reappearance of HBsAg or HBV DNA in serum in a person who was previously HBsAg-negative or had undetectable serum HBV DNA, respectively. 5 Symptoms of hepatitis are usually absent and alanine aminotransferase (ALT) levels are not elevated.
Key points
■ Imprecision surrounding the nomenclature of HBV reactivation has contributed to confusion regarding its incidence; standardization of terminology and definitions are needed ■ Patients positive for hepatitis B surface antigen (HBsAg) and those who are HBsAg-negative and anti-HBc (hepatitis B core antibody IgG)-positive are at risk of HBV reactivation during immunosuppressive therapies ■ Level of risk of HBV reactivation depends not only on the serological profile of the patient, but also their underlying medical conditions and the immunosuppressive therapies that will be used ■ Strong evidence exists to support antiviral prophylaxis to prevent reactivation of HBV infection; in general, HBsAg-positive patients should be started on antiviral prophylaxis before immunosuppression ■ HBsAg-negative-anti-HBc-positive patients receiving immunosuppressive therapy might be monitored unless they are considered for certain therapies (such as anti-CD20 antibodies), in which case, these patients should receive antiviral prophylaxis ■ Screening for HBV prior to the start of immunosuppressive therapy is the key to preventing reactivation of HBV infection
During the second phase, serum HBV DNA levels continue to increase, accompanied by elevations in ALT levels with or without symptoms of acute hepa titis; in some patients, hepatic injury progresses, resulting in liver failure and death. 5 These changes in the second phase can occur in between chemotherapy administrations or after cessation of chemotherapy, and result from reconsti tution of the host immune response. 23 In the third phase, hepatic injury resolves either spontaneously or as a result of withholding immunosuppressive therapy or initiation of a ntiviral therapy. 5 Studies of patients who received chemotherapy for lymphoma showed that hepatitis related to HBV reactivation typically occurred after the second or third courses of chemotherapy; 24 however, HBV reactivation can occur at any time during or after immunosuppressive therapy. In patients receiving a monoclonal antibody to CD20 antigen-such as rituximab, which causes B-cell d epletion-HBV reactivation has been reported to occur after a median of six doses and up to 12 months after the last dose in patients with lympho proliferative disorders. 25 In patients who require long-term or lifelong immunosuppressive treatment (for example, patients with rheuma toid arthritis, IBD or who have undergone solid organ transplantation) HBV reactivation can occur at any time during immunosuppressive therapy. Studies of HBsAg-negative-anti-HBc-positive persons who received stem cell transplantation showed that HBV reactivation can occur up to several years after transplantation because of the long delay in reconstituting the recipient's immune response to HBV. 26 
Incidence and outcomes
The incidence of HBV reactivation in patients receiving immunosuppressive therapy is poorly defined and can depend on many factors including host characteristics, Figure 1 | Phases of HBV reactivation. Generally, three phases of HBV reactivation occur. 5 Phase 1: HBV DNA levels increase, patients are typically asymptomatic, and ALT levels might not be increased. Phase 2: HBV DNA and ALT levels are increased, and in severe cases there might be symptoms of hepatitis, jaundice and liver failure. Phase 3: Resolution occurs in most, but not all, patients. Some HBsAg-positive patients might continue to have higher HBV DNA levels than at baseline, and some HBsAg-negative patients might remain HBsAg-positive. Solid lines represent the majority of patients who have resolution, whereas dashed lines represent the minority of patients in whom hepatitis B might not fully resolve. Abbreviations: ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; IU, international unit.
underlying disease, type of immunosuppressive therapy received and baseline HBV status. Much of the confusion regarding the incidence of HBV reactivation relates to the lack of standardized nomenclature and definitions. In addition, most studies have been retrospective in design with incomplete characterization of baseline HBV status and inconsistent follow-up testing.
Nomenclature
Hepatitis was initially defined in 1991 as a ≥3-fold increase in ALT level exceeding 100 U/l and attributed to reactivation of hepatitis B when there was an associated >10-fold increase in HBV DNA level or appearance of HBV DNA in serum in the absence of other causes of liver injury. 24 Since then, the definitions of hepatitis and reactivation have evolved. [27] [28] [29] [30] [31] At a conference in 2013 on "Reactivation of Hepatitis B" organized by the American Association for the Study of Liver Diseases, standardized nomenclature was proposed. 32 Reactivation of HBV replication should be defined as a marked increase in HBV replication (≥2 log increase from baseline levels or a new appearance of HBV DNA to a level of ≥100 IU/ml) in a person with previously stable or undetectable levels. The types of reactivation should be described as follows: exacer bation of chronic hepatitis B or reactivation of past hepatitis B. The latter can be further defined as reverse HBsAg seroconversion (reappearance of HBsAg), or appearance of HBV DNA in serum in the absence of HBsAg (Figure 2 ). The severity of reactivation (presence or absence of jaundice and liver failure) and its outcome (return to baseline status or persistence in an activated state, that is, higher levels of HBV DNA than at baseline or continued HBsAg-positivity in the case of reverse sero conversion), need for liver transplantation or death, should also be reported. Adoption of standardized nomenclature (Box 1) and reporting will require collaboration across many specialties including, but not limited to, hepatology, oncology, rheumatology, gastroenterology, dermatology and infectious diseases. These efforts will be critical in clarifying the true incidence and outcome of HBV reactivation in each clinical setting and guide evidence-based recommendations on the need for HBV screening and prophylactic antiviral therapy.
Systemic cancer chemotherapy HBV reactivation has been studied most extensively in patients receiving chemotherapy for lymphoma. In one of the earliest prospective studies, 100 patients in Hong Kong had serum HBV DNA levels tested at baseline and before each cycle of chemotherapy. 24 Prior to chemo therapy, 27 patients were HBsAg-positive, 51 were HBsAg-negative and positive for anti-HBc and/or positive for anti-HBs, and 22 were negative for all three HBV serological markers. Hepatitis attributed to react ivation of HBV replication occurred in 48%, 4% and 0% of patients, respectively, and reactivation-related liver failure occurred in 7%, 2% and 0% of patients, respectively. In another prospective study of 244 HBsAg-negative patients who received chemotherapy for lymphoma, eight (3%) developed reactivation, of whom three progressed to liver failure and one of these patients died of liver failure. 30 HBV reactivation can also occur in patients receiving chemotherapy for solid tumours. Many reports have come from patients treated for breast cancer, 33, 34 but HBV reactivation has been reported in patients treated for a wide variety of solid tumours including colon, lung, and head and neck cancers. 27, 35 The incidence of HBV reactivation has been reported to be 10-38% in a study that included 63 HBsAg-positive patients with solid tumours. 27 A higher incidence of reactivation has been reported in patients with breast cancer (41%) than in patients with other solid tumours (7-29%). 35 In a systematic review of 14 studies of prophylactic lamivudine in HBsAg-positive patients receiving chemotherapy for haematological or solid malignancies, among the control participants who received no lamivudine prophylaxis or received lamivudine therapy when reactivation occurred, the pooled (range) incidence of HBV reactivation, HBV-related hepatitis, HBV-related liver failure and HBV-related death was reported to be 37% (24-88%), 33% (24-88%), 13% (5-33%) and 7% (0-63%), respectively. 6 In comparison, among the participants who received prophylactic lamivudine, the pooled (range) incidence of HBV reactivation, HBV-related hepatitis, HBV-related liver failure and HBV-related death was 4% (0-13%), 4% (0-13%), 0% (all 0%), and 2% (0-13%). 6 Transarterial chemoembolization for HCC Transarterial chemoembolization (TACE) has been shown to improve survival of patients with intermediatestage hepatocellular carcinoma (HCC) as compared with supportive care, 36 and is also widely used for down staging HCC prior to liver transplantation. 37, 38 Chemotherapy is administered into a branch of the hepatic artery that supplies the tumour to maximize efficacy and to minimize systemic adverse effects. Nevertheless, reactivation of HBV replication (including the end results of liver failure and death) has been reported in patients who have received TACE but no other systemic chemotherapy. 29, 39 Although the TACE procedure itself can contribute to elevations in ALT levels, in a randomized control study of HBsAg-positive patients with HCC who received TACE with or without antiviral prophylaxis, the proportion of patients who had HBV reactivation (10-fold increase in DNA levels compared with baseline) and severe increase in ALT levels (>5 times upper limit of normal) was substantially higher in the control group who did not receive antiviral prophylaxis: 41% versus 3% experienced HBV reactivation and 30% versus 8% had a severe increase in ALT levels (>5 times upper limit of normal). These findings indicate that ALT level elevation in patients treated with TACE could be caused by HBV reactivation and not just tumour necrosis. 29 Stem cell transplantation HBV reactivation is of particular concern in patients receiving bone marrow or stem cell transplantation. These patients typically receive intense chemotherapy for the underlying malignancy to induce remission, followed by additional chemotherapy and radiation therapy to ablate bone marrow. 40, 41 It is therefore not surprising that the incidence of HBV-related hepatitis is high, not only in HBsAg-positive patients (32-50%), 31, 42 but also in HBsAg-negative-anti-HBc-positive patients (3-50%). 26, [43] [44] [45] [46] In the latter group, low titre anti-HBs (<10 mIU/ml) is a predictor of reverse HBsAg sero conversion (reappearance of HBsAg). 26 The risk of reverse seroconversion can persist for many years after stem cell transplantation because of the long delay in reconstitution of the recipient's immune response to HBV. In one retrospective study of 61 HBsAg-negative-anti-HBcpositive stem cell transplant recipients, the cumulative probability of reverse seroconversion was reported to have increased from 9% at the end of year 1 to 43% at the end of year 4.
26
Solid organ transplantation Rates of HBV reactivation have been reported to be 50-90% in HBsAg-positive patients who have undergone kidney transplantation, and reactivation has been shown to lead to liver failure, accelerated progression to cirrhosis and HCC, and increased liver-related mortality. 3, [47] [48] [49] [50] Reactivation of HBV replication with reappearance of HBsAg has also been reported in HBsAg-negative-antiHBc-positive recipients of kidney transplants, although the incidence is low (0.9-5%); 51, 52 however, reverse seroconversion can occur as late as 15 years after transplantation, and in some instances, correlate with a decrease in the anti-HBs titre. 51 Similar findings have been reported in heart and lung transplant recipients.
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Monoclonal antibodies to B cells or T cells
Monoclonal antibodies (such as rituximab) are used to treat a wide variety of medical conditions, including nonHodgkin lymphoma, chronic lymphocytic leukaemia, refractory rheumatoid arthritis, autoimmune haemolytic anaemia, idiopathic thrombocytopaenic purpura, and vasculitis associated with cryoglobulinaemia, among others. 57 A meta-analysis found that rituximab-containing regimens for haematological malignancies were associated with a sixfold higher odds of HBV react ivation than identical regimens without rituximab in HBsAg-negativeanti-HBc-positive patients. 25 In one study of 46 HBsAgnegative patients with lymphoma, 5 of 21 who received cyclophosphamide, hydroxydaunorubicin, oncovin and prednisolone (CHOP) and rituximab had HBV reactivation and one died of acute liver failure compared with no patients (n = 25) who received CHOP without rituximab. 58 A preliminary analysis of the postmarketing data from the FDA Adverse Event Reporting System found 109 cases of rituximab or of atumumab-associated fatal HBV-related acute liver failure between market approval for rituximab (November 1997) 59 and for ofatumumab (October 2009) 60 and August 2012; of these patients, more than half had either not been screened or been inadequately screened (testing for HBsAg but not anti-HBc) for HBV, and most had not received prophylactic antiviral therapy. 61 These findings have prompted the FDA to revise the product labels of all antibodies directed against CD20 to add HBV react ivation to the boxed warning, recommending antiHBc in addition to HBsAg screening tests before initiation of therapy, and antiviral therapy in those who test positive to prevent reactivation. [62] [63] [64] Antibodies directed against other antigens on immune cells might have similar effects as anti-CD20 antibodies. One of these, alemtuzumab-a monoclonal antibody directed against CD52, which is expressed on B cells and T cells, natural killer cells and macrophages-has been approved for refractory chronic lymphocytic leukaemia and used in recipients of stem cell as well as solid organ transplantation. Reactivation of HBV replication has been reported in association with alemtuzumab. 65, 66 TNF antagonists Anti-TNF agents are used to treat a broad spectrum of medical conditions including rheumatoid arthritis, IBD and psoriasis. Reactivation of HBV replication, HBVrelated liver failure and death has been reported in HBsAg-positive as well as in HBsAg-negative-anti-HBcpositive patients receiving anti-TNF agents. One study identified 89 HBsAg-positive and 168 HBsAg-negativeanti-HBc positive patients from a literature search of HBV and anti-TNF agent use. 67 35 (39%) HBsAgpositive patients experienced HBV reactivation; five of these patients had acute liver failure, of whom four died. Among the HBsAg-negative-anti-HBc-positive patients, 9 (5%) experienced HBV reactivation, and one had acute liver failure and later died. The authors noted that the risk of HBV reactivation was higher with infliximab (compared with other anti-TNF agents) and with concomitant use of other immunosuppressive drugs, and the risk was substantially lower with prophylactic antiviral therapy.
Corticosteroids and immunosuppressive agents
Reactivation of HBV replication might be mediated through suppression of immune control or direct stimulation of a glucocorticoid-responsive element in the HBV genome. 21 Reactivation has been reported in patients receiving corticosteroids alone; [68] [69] [70] however, the incidence of HBV reactivation in this setting remains unclear as steroids are commonly given in combination with other immunosuppressive therapies. It is also not known whether there is a threshold dose or duration of corticosteroid below which the risk of HBV reactivation is absent or negligible. When used in combination with other immunosuppressive agents, corticosteroids have been shown to increase the risk of HBV reactivation. In one study, 49 HBsAg-positive patients with non-Hodgkin lymphoma were randomly assigned to receive chemotherapy with or without prednisolone. HBV react ivation occurred in 72% of those who received prednisolone compared with 38% of those who did not (P = 0.02); however, the rate of complete remission of lymphoma was lower in the prednisolone-free group than in the group who received prednisolone. 71 HBV reactivation has also been reported in association with other immunosuppressive agents such as methotrexate 72 and azathioprine. 73 Most of these reports involved isolated cases; thus, the risk of HBV reactivation when these agents are used alone is unclear.
Risk factors
Not all patients with chronic HBV infection receiving immunosuppressive therapy will experience HBV reactivation. Why some patients do and others do not, and why some patients have a self-limiting course whereas others progress to liver failure and die, is not fully understood. Information from published studies, most of which are from Asia, suggest that host factors, underlying disease, type of immunosuppressive therapy received and baseline HBV status contribute to the risk and outcomes.
Host factors
Male sex has been the most consistent host factor shown to be associated with an increased risk of HBV reactivation. 24, 27 In one study of 78 HBsAg-positive patients with various cancer types, 29% of the male patients had r eactivation as compared with 10% of the female patients. 27 Underlying disease Lymphoma has been the most common underlying disease in reports of HBV reactivation. Whether lymphoma per se is associated with an increased risk of HBV reactivation is unclear because comparisons with other diseases treated with similar chemotherapy regimens have not been reported. The frequent association between lymphoma and HBV reactivation might be related to the intensity of the chemotherapy regimen, resulting in marked immunosuppression. Alternatively, it might be related to a higher prevalence of HBV infection among patients with lymphoma compared with population controls. 74 Fewer reports exist of HBV reactivation in patients receiving chemotherapy for solid tumours than haematological malignancies; whether this finding reflects a lower incidence, less awareness of the treating physicians, or less intense immunosuppression with the treatment regimens used is not clear. Of the solid tumours, breast cancer is most commonly associated with HBV reactivation, 35 and both retrospective and prospective studies have shown that the rate of reactivation in HBsAg-positive patients with breast cancer is 25-40%. 33, 35 The high incidence of HBV reactivation in patients with breast cancer has been attributed to the concomitant use of anthracyclines and corticosteroids; 75 both drugs have been shown to increase HBV DNA expression. 21, 76 The treatment for the underlying disease might also influence the timing of HBV reactivation. In patients with lymphoma, HBV reactivation typically occurs after the second or third course of chemotherapy, 5 and the risk is usually limited to the period between start of chemotherapy and 4-6 months following completion, but might be as late as 11 months after the cessation of therapy if rituximab was administered. 18 By contrast, HBV reactivation can occur at any time in patients with rheumatoid arthritis or IBD and in solid organ transplant recipients who can require many years or even lifelong immunosuppressive therapy.
Immunosuppressive therapy
The intensity of immunosuppression has often been implicated to be an important risk factor for HBV reactivation, but no consensus has been reached on how this aspect can be measured and compared across different treatment regimens. Studies that compared identical chemotherapy regimens for lymphoma with and without rituximab, and with and without corticosteroids clearly showed that the addition of rituximab or corticosteroids increased the risk of HBV reactivation. As mentioned earlier, in one study of 46 HBsAg-negative-anti-HBcpositive patients with lymphoma, 24% of patients treated with rituximab and CHOP had HBV reactivation compared with none of those treated with CHOP without rituximab. 58 In another study, 49 HBsAg-positive patients with lymphoma were randomly assigned to receive epirubicin, cyclophosphamide and etoposide with or without prednisolone. 71 The risk of reactivation was twofold higher in the group that received prednisolone than the group that did not (RR 1.9, P = 0.021). The cumulative incidence of HBV reactivation 9 months after starting chemotherapy was 72% and 38% in the groups with and without prednisolone, respectively (P = 0.02). Patients in the prednisolone group also had more severe hepatitis than those who did not receive prednisolone.
Viral factors
Baseline HBV replication status has been demonstrated to be an important risk factor in all clinical settings, with HBsAg-positive patients having a higher risk of HBV reactivation than HBsAg-negative-anti-HBc-positive patients. In HBsAg-positive patients, those with detectable or high levels of serum HBV DNA prior to start of immunosuppressive therapy have a higher risk of HBV reactivation than those with undetectable or low levels of HBV DNA. 35, 77 Most HBsAg-negative-anti-HBc-positive patients have undetectable serum HBV DNA levels, and the risk of HBV reactivation is higher in the minority with detectable serum HBV DNA at baseline. 30, 78 In HBsAg-negative-anti-HBc-positive patients, those who have an undetectable anti-HBs level at the onset of immunosuppressive therapy or have a loss of anti-HBs during immunosuppressive therapy have an increased risk of HBV reactivation. 26, 43, 79, 80 Prevention
HBV screening
The key to prevention of HBV reactivation is the identification of patients with HBV infection prior to initiation of immunosuppressive therapy. Unfortunately, only 35% of people in the USA who are chronically infected with HBV are aware of their infection. 81 In the European Union, it is estimated that up to 90% of those infected with HBV are not aware of their infection. 82 Although risk factors for HBV infection are well known, no validated risk tools are available that can be easily applied in clinical practice. Most physicians do not have time to systematically screen patients who are about to start immuno suppressive therapy for risk factors of HBV, and many patients are not aware that they are at risk or might not acknowledge they have had risk behaviours. The US Centers for Disease Control and Prevention, 9 European Association for the Study of the Liver, 10 and Asian-Pacific Association for the Study of the Liver 11 recommends universal HBV screening prior to initiation of immunosuppressive therapy whilst societies such as the American Association for the Study of Liver Diseases, 12 American Society of Clinical Oncology 13 and the National Comprehensive Cancer Network 14 recommend screening of patients with risk factors. A retrospective study has shown that screening occurred in <20% of patients with risk factors for HBV infection in the USA. 83 Risk-based screening might be more cost-effective than universal screening if it is sensitive and logistically easy to implement; however, a study of pregnant women in the USA showed that only 60% of the women who tested positive for HBsAg would have been identified by a risk-based screening approach, 84 and it is unknown whether the risk-based screening tool used in that study can be i mplemented in everyday p ractice owing to time constraints.
Preventative antiviral therapy
The purpose of HBV screening is to identify patients who are infected and who might benefit from preventative antiviral therapy or close monitoring. We propose to use the term 'preventative antiviral therapy' to include both prophylactic therapy-in which antiviral therapy is started prior to or at the same time as the initiation of immuno suppressive therapy and before any elevations in ALT or HBV DNA levels-and pre-emptive therapy, in which antiviral therapy is initiated when serum HBV DNA or ALT levels are elevated but before symptomatic manifest ation of hepatitis or liver failure. Prophylactic antiviral therapy has been demonstrated to be effective in prevention of HBV reactivation and its s equelae (Table 1) . In a systematic review of 14 studies that included 275 HBsAg-positive patients who received lamivudine prophyl axis and 475 control participants (no lamivudine prophylaxis or lamivudine therapy when reactivation occurred) who received chemotherapy, 6 the risk of both HBV reactivation and HBV-related hepatitis in the lamivu dine prophylaxis group was decreased by 79-100%, and none of the patients had HBV-related liver failure. Patients in the lamivudine prophylaxis group also had lower cancer-related and all-cause mortality, prob ably related to less frequent interruptions of chemo therapy. Only two of 14 studies were randomized controlled trials, and the types of malignancies and chemotherapy regimens were highly variable; nevertheless, although the effect size varied, the direction of the effect was consistently in favour of a risk reduction in the lamivudine prophylaxis group.
Three randomized controlled trials compared the efficacy of prophylactic versus pre-emptive antiviral therapy in preventing HBV reactivation. In one study, 85 30 consecutive HBsAg-positive patients with lymphoma undergoing chemotherapy were randomly assigned to receive lamivudine prior to chemotherapy or when there was a >10-fold increase in serum HBV DNA level or the appearance of HBV DNA in patients with previously undetectable serum HBV DNA. None of the patients who received prophylactic lamivudine, versus 53% of those who received pre-emptive lamivudine, experienced HBV reactivation (P = 0.002). The median onset of HBV reactivation in the latter patients was 16 weeks (range, 4-36 weeks). In another study, 86 51 HBsAgpositive patients who were receiving chemotherapy for non-Hodgkin lymphoma were randomly assigned to either prophylactic lamivudine or pre-emptive therapy when ALT levels increased to >1.5-fold the upper normal limit. Compared with those who received preemptive lamivudine, fewer patients receiving prophylactic lamivudine had HBV reactivation (12% versus 56%, P = 0.001). In a third study, 18 80 HBsAg-negative-antiHBc-positive patients with lymphoma receiving chemotherapy regimens that included anti-CD20 agents were randomly assigned to receive entecavir prophylactically or pre-emptively when reactivation occurred. The rate of HBV reactivation was lower in the prophylactic group than the pre-emptive group (2% versus 18%, P <0.05).
These three studies show that prophylactic antiviral ther apy is more effective than pre-emptive antiviral therapy in preventing HBV reactivation in a high-risk setting. Whether pre-emptive antiviral therapy is more costeffective in clinical settings associated with moderate risk of HBV reactivation (for example, HBsAg-negativeanti-HBc-positive patients receiving chemotherapy for lymphoma that does not include anti-CD20, or anti-TNF agents or steroids for other disease conditions) is unclear (Table 1) . A major limitation of pre-emptive antiviral therapy is its reliance on close monitoring of HBV DNA levels and coordination of care between physi cians prescribing the immunosuppressive therapy and those knowledgeable in the management of patients with hepatitis B such that antiviral therapy can be initiated at the earliest sign of HBV reactivation.
The benefit of preventative antiviral therapy has also been demonstrated in patients receiving immunosuppressive therapy for nonmalignant diseases. One study showed that pre-emptive lamivudine improved survival of HBsAg-positive kidney transplant recipients compared with historical controls who did not receive antiviral treatment. 3 Preventative antiviral therapy has also been found to decrease the incidence of HBV reactivation in HBsAg-positive patients with rheumato logical diseases (such as rheumatoid arthritis or ankylosing spondylitis) treated with TNF inhibitors. 67, 87 Most studies of preventative antiviral therapy have used lamivudine because it was the first nucleos(t)ide analogue approved for treatment of hepatitis B, but lamivudine has been shown to have a low barrier to resistance with rates of antiviral resistance of 14-32% after 1 year of treatment and 60-70% after 5 years of treatment in clinical trials in patients with chronic hepatitis B.
12
Emergence of antiviral drug resistance mutations negates the benefits of preventative antiviral therapy and can lead to hepatitis flares, liver failure and death. 12 Although most patients have low or undetectable serum HBV DNA levels at the start of immunosuppressive therapy, lamivudine resistance and hepatitis flares has been reported in patients receiving preventative lamivudine during immunosuppressive therapy. 3, 88 Entecavir and tenofovir have more potent antiviral activity and higher barrier to resistance, and studies in immunocompetent patients with chronic hepatitis B showed rates of antiviral resistance in nucleos(t)idenaïve patients of 1.2% and 0%, respectively, after 5 years of continued therapy. 89, 90 Both entecavir and tenofovir have an excellent safety profile without myelo suppressive adverse effects or interactions with cytochrome P450 or P-glycoprotein, 91, 92 indicating that interactions with pharmacokinetics of other drugs are unlikely to occur. Tenofovir has been reported to be associated with a low risk of nephrotoxicity. 89, 93 Emerging data have shown that entecavir is safe in patients with cancer receiving chemotherapy and in recipients of solid organ or stem cell transplantation. A nonrandomized study of HBsAgpositive patients with lymphoma showed that prophylactic therapy with entecavir (n = 34) was associated with markedly lower rates of hepatitis (6% versus 27%), HBV reactivation (0% versus 12%), and chemotherapy interruptions (6% versus 20%) compared with lamivudine (n = 89). 94 The only adverse events in the entecavir group were fatigue and anorexia in two patients. A randomized controlled trial of HBsAg-negative-anti-HBc-positive patients receiving chemotherapy that included an anti-CD20 agent found lower rates of HBV react ivation in the entecavir prophylaxis group than the control group who received therapeutic entecavir once HBV reactivation was noted (2% versus 18%, P <0.05). 18 Other smaller studies have confirmed the safety and efficacy of e ntecavir as preventative therapy for HBV react ivation in HBsAg-negative-anti-HBc-positive patients with haematological malignancies. 26, 95 Entecavir has also been extensively studied and shown to be safe and effective as prophylaxis in HBsAg-positive patients waiting for or after liver transplantation. 96 Although strong data support that antiviral therapy is more efficacious when initiated prior to or at the start of immunosuppressive therapy, fewer data are available to inform when antiviral therapy can be stopped. In one study, 46 HBsAg-positive patients with haematological malignancies received prophylactic lamivudine until at least 3 months after completion of chemotherapy; 11 patients experienced HBV reactivation after antiviral therapy was stopped. 97 The cumulative probability of HBV reactivation after lamivudine withdrawal at 3, 6, 12, 18, and 36 months was 0%, 2%, 5%, 13%, 16%, and 33%, respectively. 97 High levels of serum HBV DNA (≥4 log 10 copies/ml) before chemotherapy was the most important predictor of HBV reactivation after withdrawal of prophylactic antiviral therapy. 97 Patients receiving rituximab have an increased risk of delayed reactivation after cessation of chemotherapy. In one study of 80 HBsAg-negative-anti-HBc-positive patients with lymphoma randomly assigned to entecavir prophylaxis or no prophylaxis (control), patients in the control group developed reactivation as late as 17 months after the start of rituximab, or ~11 months after the cessation of rituximab therapy. 18 In a smaller study of four HBsAg-positive patients with lymphoma who received lami vudine prophylaxis before and until 1 month after cessation of CHOP plus rituximab, delayed reactivation occurred ~6-8 months after chemotherapy in three patients. 98 These data suggest that prophylactic antiviral therapy should be continued for at least 6 months and preferably 12 months after the cessation of chemotherapy in both HBsAg-positive and HBsAg-negative-anti-HBc-positive patients. Prophylactic antiviral therapy should be continued until the therapeutic end point for chronic hepatitis B is achieved in patients who are HBsAg-positive with high viral load prior to start of chemotherapy.
Treatment
Studies comparing prophylactic versus pre-emptive antiviral therapy showed that deferring antiviral therapy until after elevation of ALT or HBV DNA levels has occurred is less effective in preventing progression to liver failure. 18, 85, 86 Clinical signs of poor prognosis include jaundice, encephalopathy, ascites, elevated bilirubin levels or prolonged prothrombin time. Although a few cases of successful liver transplantation have been reported, many of these patients died because their underlying diseases often precluded them from being considered for liver transplantation. 99 Referral to a liver transplantation centre should be considered for all patients with clinical signs of liver failure, but the benefits of liver transplantation must be weighed against the prognosis of the underlying cancer or other medical condition for which immunosuppressive therapy was prescribed.
Recommendations
HBV reactivation can occur in a variety of clinical settings. Although potentially fatal, HBV reactivation is highly preventable through screening with a simple blood test and administration of one pill a day as preventative antiviral therapy for patients with moderate or high risk of HBV reactivation. On the basis of varying levels of risk, we propose a stratification framework (Table 2 ) and an algorithm for the management of patients with h epatitis B who require immuno suppressive therapy (Figure 3) . Because of the difficulty in identifying patients with risk factors for HBV infection and until stronger data support otherwise, we recommend screening all patients about to start immuno suppressive therapy with HBsAg and anti-HBc tests. We recommend prophylactic antiviral therapy for all patients who are deemed to be at high risk of HBV reactivation. Patients considered to be at moderate risk can receive prophylactic anti viral therapy, or they can be closely monitored and pre-emptive antiviral therapy initiated if there is evidence of HBV reactivation. Patients at low risk of HBV reactivation can receive usual medical care, and preemptive antiviral therapy initiated if there is evidence of HBV reactivation. We prefer entecavir over tenofovir because of the lack of nephrotoxicity. Lamivudine could be used in patients with undetectable serum HBV DNA before the start of immunosuppressive therapy and if the anticipated duration of use is short (for example, <12 months) to avoid resistance. We recommend starting prophylactic antiviral therapy as soon as possible, preferably before the start of immunosuppressive therapy. We do not believe that it is necessary to delay the start of immunosuppressive therapy except in patients with high baseline serum HBV DNA levels (for example, >4 log 10 IU/ml); for these patients, the benefit of delaying immunosuppressive therapy until HBV DNA level is suppressed must be weighed against the risk of progression of the underlying medical condition. We recommend continuing preventative antiviral therapy for at least 6 months after the completion of immunosuppressive therapy and even longer for those who receive rituximab or who had high serum HBV DNA levels before the start of immuno suppressive therapy. Our recommend ations are based on evidence in the literature supplemented with our clinical experience. We recognize there are many grey areas, in particular, risk stratification, management of moderate-risk patients and frequency of monitoring. Collaboration across multiple disciplines is needed to conduct properly designed, adequately powered studies to clarify these issues such that evidence-based guidelines will be accepted by all professional societies and adopted by physicians managing patients infected with HBV who require i mmunosuppressive therapy.
Conclusions
Imprecision surrounding the nomenclature of HBV react ivation has contributed to confusion regarding its incidence. Standardization of terminology and definitions is needed to provide precise estimates of the incidence and risk factors for HBV reactivation in different clinical settings. Screening for HBV prior to the start of immunosuppressive therapy is the key to preventing reactivation of HBV infection, and large, collaborative population-based studies are needed to determine efficient methods of screening and subsequent antiviral prophylaxis in order to prevent HBV reactivation. Figure 3 | A management algorithm for patients with HBV infection prior to starting immunosuppressive therapy. Algorithm based on scientific literature when available and opinions of the authors when literature lacked data. *Risk: stratify patients by risk of reactivation (see Table 2 ). ‡ Prophylactic antiviral therapy: patients at high or moderate risk of reactivation (see Table 2 ) should start antiviral therapy and be assessed for virologic response through HBV DNA testing every 3 months.
§ Monitoring: check HBV DNA and ALT every 3 months; check HBsAg in patients who were HBsAg -/anti-HBc + before immunosuppressive therapy. || Pre-emptive antiviral therapy: initiate antiviral therapy if ALT levels are elevated, HBV DNA levels are elevated, or appearance of HBV DNA or HBsAg in patients who had undetectable HBV DNA or HBsAg before immunosuppressive thereapy, respectively. Abbreviations: +, positive; -, negative; anti-HBc, anti-hepatitis B core antibody IgG; HBsAg, hepatitis B surface antigen.
Review criteria
Relevant articles for this review were identified by searching PubMed, Embase, Ovid Medline and Scopus using the following terms, alone and in combination: "immunosuppression", "immunocompromised host", "immunosuppressive agents", "hepatitis B", "hepatitis B virus", "HBV", "reactivation", and "management". The authors also manually reviewed the bibliographies to identify additional relevant articles.
